Introduction
Trigonalidae is a moderately small family of parasitic wasps of little over 100 species and about 20 genera (Carmean & Kimsey 1998 , Chen et al. 2014 . They are mainly found in the tropics and subtropics (Carmean & Kimsey 1998) . Five species have been described from the Nearctic (Smith & Stocks 2005) and around two dozen species from the Palaearctic (Lelej 2003 , Chen et al. 2014 . Only one species occurs in Europe (Madl 2013) . Trigonalidae clearly belong to Parasitica, but morphologically they possess some features that are reminiscent of Aculeata and Symphyta. For example, head shape, mouthparts and tarsal plantulae are shared with Symphyta and general body shape and terminal ovipositor with Aculeata (Weinstein & Austin 1991) . The trigonalid ovipositor is reduced and hidden within the abdomen and it is not known if it is used in egg placement (Quicke et al. 1999) .
In the past, Trigonalidae have been variously placed within or near almost all other apocritan lineages (Carmean & Kimsey 1998) and they have been considered to be phylogenetically close to Evanioidea, Megalyroidea, Ceraphronoidea or Aculeata (Sharkey 2007 , Klopfstein et al. 2013 . Evidence, both morphological and molecular, is mounting that Trigonalidae are closely related to stinging wasps (Aculeata) and Evanioidea (Klopfstein et al. 2013 , Zimmermann & Vilhelmsen 2016 , Branstetter et al. 2017 , Peters et al. 2017 . Trigonalidae is also closely related to the extinct Cretaceous family Maimetshidae (Vilhelmsen et al. 2010 , Perrichot et al. 2011 which is currently also placed in superfamily Trigonaloidea (Aguiar et al. 2013) . Asymmetrical mandibles (not present in all maimetshids) and female tarsal plantulae unite these two families, but maimetshids differ from Trigonalidae by their exserted ovipositor and missing antennal tyloids (Vilhelmsen et al. 2010 , Perrichot et al. 2011 . The oldest fossils of true Trigonalidae are known from French Albian Amber (100 to 113 mya) (Nel et al. 2003) .
Almost all trigonalid species are hyperparasitoids, attacking Ichneumonidae (Hymenoptera) and Tachninidae (Diptera) (referred in this paper as primary hosts) that parasitize leaffeeding lepidopteran or symphytan larvae (referred in this paper as secondary hosts). Two Australian species develop as primary parasitoids of sawflies (Weinstein & Austin 1991) . One trigonalid species has been reared from a tachinid developing on a detrivorous crane fly (Diptera: Tipulidae) larva (Gelhaus 1987) . Trigonalid females are very fecund and oviposit thousands of eggs along or within the margins of plant leaves. The eggs in turn are by chance ingested by lepidopteran or symphytan larvae (Carmean 1991 , Weinstein & Austin 1991 . The eggs have never been observed to have been purposefully oviposited near host animals (Schnee 2011) . Among parasitoids, only some tachinid flies are known to depend on this same method of host ingestion to reach their hosts (Stireman et al. 2006) . Mechanical and chemical stimuli incite the 1 st instar trigonalid larva to hatch and it bores through the secondary host larvas gut wall to search for a primary ichneumonid or tachinid parasitoid larva present within the secondary larvas hemocoel, after which it develops as a hyperparasitoid (Weinstein & Austin 1991) . Trigonalid larval development is then delayed until the ichneumonid or tachinid primary host pupates or is near pupation, after which the trigonalid larva consumes the primary host. The first three trigonalid larval instars are endoparasitic while the fourth and fifth instars are ectoparasitic after which pupation takes place. The third instar has a heavily chitinized head and formidable mandibles, suggesting that it uses them to fight and kill other possible parasitoid larvae it encounters within the host. After eclosion, the adult uses its strong mandibles to cut through the host cocoon, pupa or puparium (Weinstein & Austin 1991) . Some Trigonalidae species depend on their eggs being brought with phytophagous larvae into nests of social vespids, where they develop as primary parasitoids of vespid larvae (Weinstein & Austin 1991) . In addition to Trigonalidae, only a few Hymenoptera groups (Eucharitidae, Perilampidae, Ichneumonidae: Eucerotinae) oviposit their eggs away from hosts but these groups have planidial larvae, i.e. larvae that actively seek and enter the host animal (Heraty & Murray 2013 , Shaw 2014 . Likewise, some elampine cuckoo wasps (Hymenoptera: Chrysididae) oviposit into free-living aphids and depend on digger wasp (Hymenoptera: Crabronidae) females to prey on and carry these aphids into their nests, wherein the elampine larvae develop as parasitoids on crabronid progeny (Winterhagen 2015) .
Pseudogonalos Schulz, 1906 is a palaearctic genus that includes three valid species: Pseudogonalos hahnii (Spinola, 1840), P. harmandi Schulz, 1906 and P. angusta Chen, van Achterberg, He & Xu, 2014 (Carmean & Kimsey 1998 , Chen et al. 2014 . Only a single and now lost P. harmandi specimen is known from Darjeeling, North-Eastern India (Carmean & Kimsey 1998) . Recently, Chen et al. (2014) described a third Pseudogonalos species from China (Inner Mongolia), P. angusta Chen, van Achterberg, He & Xu, 2014 . Pseudogonalos hahnii is a widespread but rare palaearctic species, and it is the only European species of the family (Lelej 2003 , Schnee 2011 .
Pseudogonalos hahnii is a black species with dark spotted fore wings. The habitus (Fig. 1) is reminiscent of some aculeate wasps, e.g. a pemphredine sphecid. It can be separated from the other hymenopterans in the region by the combination of various characters: characteristic fore wing venation with 10 developed cells and welldeveloped costal cell, hind wing with 2 cells, raised crests near the point of antennal insertions on the middle of the face, antennae with 2627 segments, mandibles with 35 large teeth, presence of tarsal plantar lobes on tarsal segments and cleft tarsal claws (Gauld & Bolton 1988 , Chen et al. 2014 .
In this article, we review the biology and distribution of the only European trigonalid spe-cies P. hahnii in Fennoscandia and the Baltic states.
Materials and methods
We compiled all published records of Pseudogonalos hahnii from the study region and gathered data from the following public and private collections:
Institute There has been some dispute about the correct spelling of the family (Trigonalidae vs. Trigonalyidae) and superfamily (Trigonaloidea vs. Trigonalyoidea) names. We follow Carmean and Kimsey (1998) and use Trigonalidae as done recently by Aguiar et al. (2013) , Madl (2013) and Broad (2016) . For differing opinions, see Lelej (2003) and Chen et al. (2014) . For nomenclature of host species, we follow Fauna Europaea (de Jong et al. 2014) .
Results
Synonymy and records of Pseudogonalos hahnii from Fennoscandia and the Baltic states are presented below. The records are listed in chronological order within countries, and the acronyms in parentheses refer to specimen depositories. Coordinates are given in the WGS84 system. The symbol~indicates that the coordinates were estimated from the locality name.
Pseudogonalos hahnii (Spinola, 1840)
Trigonalys hahnii Spinola, 1840 BOLD database or GenBank, so comparison with other specimens was not possible.
Discussion

Distribution and abundance
Pseudogonalos hahnii is widely distributed in the Baltic states, southern Finland and Russian Karelia (Fig. 2) . The northernmost record is from Liperi in Pohjois-Karjala province of eastern Finland. The species is not known from other Nordic countries. It is rare in Finland, and is always found in low numbers. It seems to be scarce also in the Baltic region, but in Estonia, several specimens have been collected in a few localities by Malaise traps. Specimens caught with Malaise traps have also been reported in England and Germany (Shaw 1990 , Schnee 2011 . 25 of the observations in the study region were made relatively recently, and 29 specimens were collected before 2000. The first specimen was collected in Russian Karelia in 1942, and soon after this the species was found from Finland (1943) . In the Baltic states, the species was found notably later (Lithuania 1967 , Latvia 1981 , Estonia 1988 . Despite the clear increase of the records from 2004 onwards, the species was classified as vulnerable in the latest Red List of Finnish species (Söder-man et al. 2010 ).
Within Europe, P. hahnii has been found from Belgium, Czech Republic, Estonia, Finland, France, Germany, Greece, Italy, Latvia, Lithuania, the Netherlands, Poland, Russia, Slovakia, Switzerland, Ukraine and the United Kingdom. It has also been recorded from China, Kazakhstan, Mongolia and Siberia (Lelej 2003 , Madl 2013 , Broad 2016 ).
Habitat, egg-laying, phenology and sex ratios
All published habitat information (Schnee 2011) and collection records make it clear that P. hahnii is a eurytopic species that is found in a variety of different environments. However, Finnish records are almost solely from herb-rich meadows (Fig. 3) . One Finnish specimen has been caught from a leaf of Salix caprea and an another from a leaf of Ribes.
Pseudogonalos hahnii female lays eggs on the surface foliage of herbaceous and wooden plants (Carmean & Kimsey 1998 , Schnee 2011 ). The female is extremely fecund with its ovarioles containing more than 10,000 eggs and it can be induced to lay well over a thousand eggs per day in experimental conditions (Bischoff 1936) . Eggs are microtypic and 0.10.15 mm in length and 0.050.07 in width (Weinstein & Austin 1991) . Eggs also stay viable for a long time (Schnee 2011) . Ovipositing has been observed on such di- verse plants as Pteridium aquilinum (Dennstaedtiaceae), pine needles (Pinaceae), grasses (Poaceae), Phragmites communis (Poaceae), Vaccinium myrtillus, Rubus idaeus, R. fruticosus (Rosaceae), Brassicaceae, Prenanthes purpurea (Asteraceae) and Epilobium angustifolium (Onagraceae) (Shaw 1990 , Weinstein & Austin 1991 , Schnee 2011 (Table 1 ). There are no direct records of oviposition from the study area. During summer 2017, a female was observed flying between and searching on nettles (Urtica dioica) and mugworts (Artemisia vulgaris) in Latvia (U. Piterâns, pers. comm.).
Like in other investigated trigonalid species, the life span of adult Pseudogonalos hahnii is very short, at most 8 days, according to the scant available evidence (Bischoff 1936 , Carmean 1991 . Trigonalid species of temperate regions normally emerge in spring or summer (Weinstein & Austin 1991) . About 75% of the specimens caught in Northern Europe are from July (Fig. 4) . Keeping in mind the short adult life span and temporal distribution of the records, Pseudogonalos hahniis actual flight period may very well center around July in North Europe. Most specimens (total 18) from Germany published by Schnee (2011, 2015) were also sampled in July. According to Shaw (1982 Shaw ( , 1990 , many specimens have been caught during August in England. Pseudogonalos hahnii seems to be a protandrous species as the peak of the caught males is earlier in the season than that of the females. The above holds true except for three phenological outliers from Lithuania and Estonia (2 males from September and 1 female from early May). The sex ratio of collected P. hahnii is femalebiased (1.84 females for each male). The pooled sex ratio of field caught specimens reported by Schnee (2011 Schnee ( , 2015 is about the same (2 females for each male). It is not clear why the sex ratios of collected specimens are female biased.
Host records
There are no rearing or host records of P. hahnii from the study area. All reported host records are from Germany, United Kingdom, Russia and Poland (Schnee 2011 (Table 1) .
All lepidopteran secondary hosts of P. hahnii recorded so far are from the families Noctuidae (six species), Erebidae (one species), Geometridae (one species), Sphingidae (one species) and Papilionidae (one species) (Table 1) (Schnee 2011 (Schnee , 2015 . In Kirov region, western central Russia, P. hahnii was photographed emerging from a pupa of Papilio machaon Linnaeus (Papilionidae) on 13 June 2015 (V. Bryukhov, pers. comm.) (Fig. 5) . The Canadian National Collection has a specimen of P. hahnii from Poland labelled Host: Diprion similis (Htg.) (Carmean & Kimsey 1998, D. Carmean & J. Huber, pers. comm.) . In Germany, thousands of hibernating Diprion (Diprionidae) cocoons have been investigated for decades by forestry protection in pine forests and no P. hahnii has ever been reared, and therefore the record of the sawfly D. similis as a host of P. hahnii could be regarded as unconfirmed (H. Schnee, pers. comm.) . However, as all Trigonalidae rearing records are always very rare occurrences, we see no reason for discounting the D. similis host record. It is not known, whether P. hahnii developed as a primary parasitoid of D. similis or parasitized an unknown primary parasitoid of D. similis.
Primary hosts of P. hahnii recorded so far are all from the family Ichneumonidae: Ophioninae (three species), Ichneumoninae (one species), Banchinae (one species) and Anomaloninae (three species plus one likely additional species) (Haeselbarth 1979 , Schnee 2011 (Table 1 ). All these four subfamilies are koinobiont endoparasitoids (Gauld & Bolton 1988) . Species that parasitize lepidopteran caterpillars from the endoparasitic koinobiont subfamilies Campopleginae and Metopiinae are other possible primary hosts. On the contrary, species from ectoparasitic or idiobiont ichneumonid subfamilies parasitizing Lepidoptera are not likely to act as primary hosts (Schnee 2011) . Ctenopelmatine ichneumonids could serve as possible primary hosts via sawfly larva as the members of the subfamily are larval koinobiont endoparasitoids of sawflies (Gauld & Bolton 1988 , Schnee 2011 . Another possible primary host group for P. hahnii are tachinid flies that attack lepidopteran (or even symphytan) larvae (Weinstein & Austin 1991 , Schnee 2011 as several trigonalid wasp species have indeed been reared from tachinid puparia (Li et al. 2012 , Smith et al. 2012 . There are some erroneous or at least highly dubious old records that P. hahnii could parasitize vespine wasps (Vespidae) or their parasitoids. There is also one report of P. hahnii parasitizing the neotropical paper wasp Polistes lanio (Fabricius) that Carmean and Kimsey (1998) consider clearly improbable.
If host records of P. hahnii can be considered scanty, even less is known about the host relationships of the two other Pseudogonalos species. There are no host records for P. angusta or P. harmandi. Weinstein and Austin (1991) cite Popovs (1945) rearing records of P. harmandi from Trogus sp. (Ichneumoninae) and Ophion sp. (Ophioninae), but these records are erronoeus (Carmean & Kimsey 1998) .
Pseudogonalos hahnii is rarely collected, probably because as a hyperparasitoid with a remarkable strategy, it needs a herbivorous host to be parasitized by a primary parasitoid (the primary host) before it can complete its development. The trigonalid larva will develop to adulthood regardless whether the herbivorous secondary host was parasitized by the ichneumonid primary parasitoid before or after it ingested the trigonalid eggs. The trigonalid larva can stay viable within the herbivorous secondary host for several months and wait for the ichneumonid parasitoid female to oviposit into the same secondary host (Schnee 2011) . High fecundity of the female and wide host spectrum make it more likely that at least some of the P. hahnii progeny will reach adulthood every year. Future collection efforts, rearings and laboratory studies will surely widen considerably the known primary and secondary host spectrum and other aspects of the biology of P. hahnii. during the preparation of this article; David R. Smith for his suggestions to improve the manuscript; to Pekka Malinen and Vladimir Bryukhov for letting us use their excellent photographs; to Mikk Heidemaa, Veli Vikberg and John Huber for the information about specimens; and to Sampsa Lommi for preparing the distribution map. DNA barcode data used in this publication was generated in collaboration with the Finnish Barcode of Life project (FinBOL) funded by the Kone Foundation and the University of Oulu. We also thank the reviewers Gergely Várko-nyi and Mattias Forshage for their helpful and critical review of the manuscript.
